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TECHNICAL MEIiORANDUM NO. 375- 

EFFECT OF ROUGHlffiSS ON PROPERTIES OF AIRFOILS.* 

By 0* Schrenk. 

The first group of a large series of contemplated experi- 
ments on the effect of roughness on airfoils was intended to 
show the effect of great roughness on airfoils of various sizes 
and attitudes. 

The wing tested (profile No. 449) had an area of 
0*3 X 1.2 = 0,36 (3.88 sq.ft.). The roughening was produced 
by 0.5 mm (0.02. in.) iron-wire gauz.e having 38 square meshes to 
10 cm (3.937 in., i.e., nearly 10 meshes to an inch). Its maxi- 
mum elevations above the airfoil surface were about 1,2 mm 
(0.047 in.). The gauze was uniform throughout the whole span, 
one set of wires being parallel with the edges of the airfoil. 
Figs. 3-4 show the location of the gauze and Figs. 1--2 the ex-. 
perimental results.** 

The testing of an airfoil with a rough pressure (lower) 
side has already been described in the First Gottingen Report, 
p. 69. The results then obtained are verified here (curve III 
in Figs. 1-2), namely, increased lift (in comparison with a 

* smooth wing) for the same angle of attac k in the region of small 

*"Oberflachcnrauhigkeiten auf Tragf lugeln, " from "Vorlaufige 
llitteilungen der Aerodynamischen Versuchsanstalt zu Gottingen." 
IIo. 4. 

**The closed curves enclose measuring points of the sai'ne, or near- 
ly the same angle of attack of the different polar curves. 



N.A.O.A. Technical Memorandum No.- 375 3 

and medim lift coefficients; nevertheless, more unfavorable 
lift-drag ratios throughout, on account of the simultaneously 
greater profile drag; and somewhat' smaller maximum lift- A con- 
stant incroa.se in the profile drag is very evident from OP angle 
of attack downward, while it remains nearly constant at positive 
angles. This is connected with the fact that the pressure side 
gradually begins to assume suction-side properties at negative 
angles of attack, as is confirmed by a glance at the pressure 
distribution curves in the Second Gcittingen Report, p. 43 if. 
The region of pressure increase behind the maximum suction, usually 
characteristic for the suction side, here produces a thickening 
of the boundary layer and detachiTients of the flow, with the re- * 
suiting large profile drag. 

The above-mentioned lift increase at moderate c^, values 
is due to increased circule^t ion, i.e., to a greater downward com- 
ponent of the velocity behind the airfoil. The latter is due to 
the fact tl'iat the pressure- side flow is retarded by the junction 
of the two currents at an acute angle behind the trailing edge. • 

The rough suction side produces the above-mentioned great 
increase in dra^g, as well as a considerable decrease in lift. 
It is obviously much more important for the suction side to bo 
smooth than for the pressure side. This also follows from the 
fact that the polar curve of the entirely rough profile (airvc 
II ) differs but little from the polar curve of the profile v/ith 
only the suction side rough. 
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The curares V-VII are for a partially rough suction side. 
Curve VII (roughness near the trailing edge) does not differ 
noticeably from curve I, as is likewise the case for the corre- 
sponding mor^ient curves. It is otherwise for roughnesses at the" 
middle of the chord (Vl) and near the leading edge (V) • Here the 
differences are noticeable, and the profile is just as much uiore 
sensitive to roughness on the suction side, as it is farther for- 
ward.. 

This variation in the sensitiveness is due to great varia- 
tion in the thickness of the boundary layer. The elevations of 
the gause near the leading edge, where the boundary layer is van- 
ishingly thin, cause disturbances which reach far into the po- 
tential flow, while farther back (at least for the index values 
of our exrperiments) they are entirely enveloped in the thicker 
bounda-ry layer.* licreover, the sensitiveness of a potential 
flow. is the greatest where the kinetic energy is the greatest, - 
at approximately the position of the . roughness V- 

If a distinction is inade, inside the boundary layer, between 
the very thin laminar portion close to the airfoil and a much 
thicker turbulent portion between the lam.inar and the potential 
flows, then the tested roughness is in any case, so great that 
it is nowhere entirely subm.erged in the laminar portion of the 
boundary layer. Lastly, it is to be noted that the total thick- 

* Reccardinf? the thickness of the boundary layer on the airfoil, 
of- Aokeret . *^Scitschrift fur Flugtechnik und llotorluftschiffahrt," 
1925, p. '46. 
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ness of the boundary layer diminishes relatively as the index 
val\ie increases,* so that a somewhat greater sensitiveness is 
probably to be expected for an airplane, when the roughnef5s ele- 
vations, in comparison with a corresponding linear dimension 
(e^g., the chord) are of equal magnitude* 

With restriction to great roughness, airfoil shapes not 
differing too much, and similar index values, the much greater 
sensitiveness of the suction (upper) side, in comparison v/ith 
the pressure (lower) side has been demonstrated, as likev/ise 
also the great increase, of the sensitiveness on the suction side 
from the trailing edge toward the leading edge. 

We expect to make further experiments on the effect of the 
profile shapes amd smaller roughnesses, as likewise of other 

k ind s of disturbances • 

* Of. Von Karman, "Zeitschrift fur angewandte Mathematik und 
Mechanik," 1921, p. 243, where it is calculated, however, only 
for flat plates. 



Translation by Dwight M. Miner, 
National Advisory Committee 
for Aeronautics. 
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j- 0 — ^Airfoil perfectly smooths 

II 1 Airfoil rough on both sides. 

»III — A Pressure side rough. 

' IV — Suction side roughs 

"V — — Rough strips on suction side near leading edge. 

"'VI — CP Rough strips on suction side near middle of chord. 

"VII — X Rough strips on suction side near trailing edge. 

» See Fig. 3, 
" See Pig. 4 

Fig.l 
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Fig. 2 




Fig. 2 
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Figs i 3 & 4 




Fig. 3 




Fig. 4 



